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Abstract
Although social network analysis is a promising tool to study the structure and dynam-
ics of wildlife communities, the current methods require costly and detailed network
data, which often are not available over long time periods (e.g. decades). The present
work aims to resolve this issue by developing a new methodology that requires much
less detailed data and it relies on well-established Lotka-Volterra models. Using the
long-term abundance data (1973-2003) of northeastern Kansas rodents, the changes in
the magnitude and direction of interactions (e.g., changes from cooperative behavior
to competitive behavior or changes in the magnitude of competition) are quantified.
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1 Introduction
Measuring the long-term changes in population interactions can provide valuable informa-
tion about the ecology and evolution of wildlife communities. These measures can explain,
for example, the coexistence of superior and inferior species in a network of competitors
[1], evolution of competitive interactions [5, 11] and co-evolution of cooperative interactions
[7]. The social network analysis has been frequently used to unpack complex network rela-
tionships and to measure the strength links of population interactions [4, 8]. Despite being
a promising tool, the network analysis often requires fully detailed data (e.g., GPS data,
radio-tracking and capturemarkrecapture data), which is not available for long periods of
time (e.g., decades). Lack of long-term detailed data is a major issue to measure population
interactions via network analysis. A potential solution to this problem is the use of Lotka-
Volterra (LV) models, which require much less detailed data (e.g., the abundance data of
interacting species) to specify the wildlife networks and detect the variations. This approach
has the potential to elucidate the presence, magnitude, and variability of competition and
other modes of interactions such as facilitation and commensalism. Recent studies [9, 12]
have used empirical data to estimate and monitor the temporal variations in the parameter
values of LV models. Nevertheless, these studies employ indirect linear methods, which can
significantly impact the accuracy of model fitting. For instance, the gray LV modeling ap-
proach proposed in [12] relies on a linear programming technique for parameter estimation
and model selection. The present work develops a new methodology that will detect and
characterize the temporal cycles of population interactions by direct LV model selection and
specification.
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2 Method
The description of data is available in [6, 10]. The competitive LV model of five rodent
species residing in northeastern Kansas is given by
dyi(t)
dt
= yi(t)(ai − biy1(t)− ciy2(t)− diy3(t)− eiy4(t)− fiy5(t)), (1)
where all parameters ai, bi, . . . are positive. Table 1 describes the parameters and variables
of model (1) and Figure 1 is a schematic representation of the LV network of rodents.
The arrows represent the direction of the interactions and the nodes are the populations of
the species. Using Matlab the annual competitive LV models were fitted to the long-term
Table 1: List of the LV model parameters and variables
symbol Description
proportional density of
𝑦1(𝑡) Cotton Rat (Sigmodon hispidus) 
𝑦2(𝑡) Prairie Vole (Microtus ochrogaster) 
𝑦3 𝑡 White-footed Mouse (Peromyscus lecuopus) 
𝑦4(𝑡) Deer Mouse (Peromyscus maniculatus) 
𝑦5(𝑡) Western Harvest Mouse (R. megalotis) 
𝑎𝑖 growth rate of species i, for 𝑖 = 1, … , 5.
scaled interacting effect of
𝑏𝑖 Cotton Rat on species 𝑖
𝑐𝑖 Prairie Vole on species 𝑖
𝑑𝑖 White-footed Mouse on species 𝑖
𝑒𝑖 Deer Mouse on species 𝑖
𝑓𝑖 Western Harvest Mouse on species 𝑖
Figure 1: The pairwise relationships between species in a 
wildlife community can be expressed with an LV network.  
The above diagram represents the LV network of five rodent 
species. The strength of network interactions are determined 
through LV model selection and specification, which results in 
annual time series of the LV parameters 𝑎𝑖(𝑇), b𝑖(𝑇), … for 
the years T = 1973, …, 2003. 
abundance data of five Kansas rodent species (see Table 1 for the list of the species). The
assumption of annual variations is justified by the analyzing the time series of the abundance
data, which indicates the presence of annual cycles in all five species [6, 10].
3 Results and Future Work
The goodness of fit of the annual competitive LV models is summarized in Table 2, which
indicates that the annual LV models are superior to the Sum of Sine Models. Similarly, they
outperform various regression models. By analyzing the time series of the estimated param-
eter values, the level of annually intraspecific competition is measured. Nevertheless, the
competition assumption of may impose several restrictions on the parameter estimates and
the main outcomes. This assumption is relaxed to include all possible modes of population
interactions. The 95% confidence intervals of the estimated parameter values are obtained
though the local sensitivity analysis, which are available here. Owing to the increasing
computational power and the flexibility of LV models, the present project is the first step
towards developing a methodology that uses less detailed (but available) data to measure
the long-term changes in population interactions. The methodology developed in this study
is not limited to the rodent species and it can be employed to unpack the evolution of various
wildlife social networks.
Model (1) can be extended to a reaction-diffusion model with nonlocality and delay [2, 3].
Using the grid data 1973-2003 [10], the extended model can be used to investigate both spa-
tial and temporal evolution of wildlife social networks. The extended model is validated
using the pseudo-independent data set (data collected from 2007-2014 from the same grid
but not included in the above analyses). This will constitute the further development of a
methodology to analyze the spatio-temporal evolution of population interactions in various
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Table 2: Goodness of fit for the Sum of Sine Models (SSM) and the annual Lotka-Volterra models 
(LVM) of competing species. For the LVM the Sum of Squares of Residuals (SSR) and Root-Mean-
Square Errors (RMSE) are much less than those of the SSM. Also the R2 values of LVM are closer to 
one. Hence, the LVM are superior to SSM. Similarly LVM outperform regression models. 
cotton rat 
𝑦1(𝑡)
prairie vole 
𝑦2(𝑡)
w.-footed mouse 
𝑦3 𝑡
deer mouse 
𝑦4(𝑡)
western h. mouse 
𝑦5(𝑡)
SSR LVM 2.9754 2.5989 0.7994 1.0158 1.4009
SSM 4.89 8.849 1.475 1.951 1.918
RMSE LVM 0.0918 0.0858 0.0476 0.0536 0.0630
SSM 0.1219 0.164 0.06696 0.07701 0.07635
R2 LVM 0.7921 0.8860 0.7463 0.8418 0.7468
SSM 0.6583 0.612 0.532 0.696 0.6533
wildlife communities, and develop a framework to study the possible impacts of climate
change on the evolution of wildlife social networks.
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